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Figure lll.yy: Process for selecting GRYN
vital signs (VSs). Numbers shown are vital signs
remaining after each stage of the selection process.

sunvey
the literature
petition

i expert Input
derlve conceptuall - wvla Delphl
models survey

peer reiew by scientists at park-specific meetings of
(1) methods employed and VSs identified to date
(2} proposed final list selection methods and criteria

comhine and te redundancies to
form proposed candidate VS list

screen against Network goals at workshop to
cull proposed VSs list to candidate VSs list

review hy Technical Committee to
T create WSs list

. Completed list of vital signs
for monitoring
long-term ecological health
of the GRYN

@ Choosing Vital Signs:
Nominating
Filtering and ranking
Choosing and selecting
priorities
Peer review
Approval
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GRYN Vital Signs Planning Schedule

October Phase I
202 Develop institutional framework for I&M Program | J{8iEGGEE
September o I1, III)
®* SLITITI
2002 o
» solicit ¢
February
2003
March o5 to solicit irput from park staff
2003 » refire criteria and apply to candidate list Phase II
MU | Sponsor workshop to solicit expert opinion (Cli;a[;-lt;ars
June 2003 to Technical Planning Committes and i\;) -
July 2003 =
september 1IN solicit Superintendents’ review and approval
2003 Submit Phase II Report for peer review
Develop sampling design and protocols St
ase
Degg[r]rllber » data management plans (et
apters
» submit Monitoring Plan for peer review I-XII)
D Submit Final Vital Signs Monitoring Plan
ecember
2005
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GRYN Program Fundin

Inventory

I&M Program Base Budget

Monitoring

— Water Quality
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Vital Signs identified using a
Delphi Internet survey

@ Delphi nominated Vital
Signs

® Glacial retreat and
advance

@ Weather measurements

@ Forest carnivores

@ Noise (Soundscape) Vital Signs Monitoring

in
Bighorn Canyon, Grand Teton, &
Yellowstone National Parks

* Universityofldaho

e

\1 staviee
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Delphi I-IIT: Participants
nominate and rank candidate
vital signs (CVS)

@ We evaluated:

= 188 CVS divided into
8 categories

= Average importance ¢
each CVS.

= Sample size <20 per I I I I I

value assigned to -
CVS, Air Quality/Pollutio pitation Weather History ~ Soil Chemistry
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Delphi Importance Score

@ Importance Score
@ 5 = Highly Important
@ 4 = Very Important

@ 3 = Moderately
Important

@ 2 = Slightly Important
@ 1 = Not at all important
@ 0 = No answer provided

AIR QUALITY INDICATORS

Importance

Measurement |Explanation
Score

Change in Change in Change in Visibility deciviews
Visibility Visibility
deciviews deciviews

4 4|YELL and GRTE are Class 1 areas. Threats to visibility from
new energy development near all three parks are imminent.
4(Important for Class | YELL and GRTE, but already measured
by IMPROVE, so I&M doesn't need to fund
Measurement
Change in Change in
Visibility Visibility
deciviews deciviews
Average

(N = number who actually answered each)

Importance Score

5 = Highly Important

4 = Very Important

3 = Moderately Important
2 = Slightly Important

1 = Not at all important
0 = No answer provided

| 8 |Direct Measure 7]

|0 [Pattemsof 4

|6 |
30

30 Total
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Delphi III- Air Quality Indicators

@ Loading chem species in snowpacks 3.85
@ Atmospheric deposition of S 3.78
@ Acid neutralizing capacity in headwater lakes
3.54
@ Accumulation toxic air contaminants in biota 3.52
@ Change in visibility deciviews 3.52
@ Atmospheric deposition on N 3.46
@ Loss of forest productivity
3.46
@ Ozone exposure index--W126 3.14

o
P
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Lessons learned: Delphi

@ Benefits: Obtain many ideas from a large audience

@ Participants dispersed in time and space, e.g. no face
to face interaction or group think

@ Rapid and efficient (no travel time or costs)
@ Valuable feedback opportunities

@ Disadvantages: Numerous authors submitted
incongruent vital sign names and definitions.

@ No certainly that the participants understand the
subject material or the ranking process.

@ Our conclusion: Our approach good as a vital signs
nomination process but the ranking process will not
substitute for a more defensible ranking and decision
process
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Conceptual Model Approach

@& Conceptual models helped us identify and
communicate important components of the
ecosystem and the interactions among them.

= We used schematic and
narrative models to
evaluate terrestrial and
aquatic drivers, stressors,
responses, outcomes and
suggest potential
indicators
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Draft Whitebark Pine Model - Tinker
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Climate Human Activity
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Conceptual Model Indicators

@ Benefits: Ecological relevance of candidate vital signs
tied to ecosystem drivers, stressors and outcomes

@ Candidate Vital Signs supported with scientific
literature

@ Good communication tool

@ Disadvantages: Framework generalized to cover
broad terrestrial and aquatic ecosystem types; small
special case situations and large scale regional
indicators potentially overlooked.
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Vital Sighs Workshop Goals

D Create a shared understanding of the NPS I&M Program and the
Greater Yellowstone Network

D Apply the selection criteria from the decision support system to each
candidate vital sign in the topic area and score the results

D Document comments related to the scoring decisions that will be
incorporated into a report for the Technical and Science Committees

D Build a spatial and temporal conceptual framework that integrates
across scales

™ Greater Yellowstone Network I&M Program




All Candidate Vital Signs

Grouped by Primary and Secondary Resource

Resource Candidate Vital Sign

Air Quality

Biotic and Abiotic
Accumulation of toxic air contaminants in biota Aitn_004
Acid Meutralizing Capacity in headwater lakes AiEu_003
Atmospheric deposition of M £jn)_00E
Atmospheric deposition of 3 Ajcw_002
Change invisibility deciviews &jn)_00s
Deposition of trace organics and metals Au_01a
Loading chem species in snowpacks At _00
Loss of forest productivity Ajcwy_007
Mitrogen concentration in streams during spring snowmelt Aitn_003
Ozone exposure index--\WW126 AjCw_00E
“egetation chemistry LU _207

Aquatic Communities

Aguatic Exotic species
Exotic fish abundance AnCo_130
Exotic fish distribution patterns AgCao_13

Aguatic Pathogens/disease
Fish pathogens/disease Ao _133

NATIONAL
PARK
SERVICE
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“ile  Edit View Inserk Formak Records Tools MWindow Help

=1
H &V & B 2LEL T E 0 | e K Eia- 3.
| . Give the Yital Sign a descriptive name Firtl 2 fizoerd Create a NEW 5. Create a unigue Create
fital Sign Mame  |Loading chem species in snowpacks Candidate Vital Sign ID by phrEtstsmg this Unique 1D 1
ution
’ Choose a wvalue from each list .
6. Add known metrics and protocols
Frimary Fesource | Cuality | Measure Pratocal
Secondary Resource: |Biatic and Abiatic ] i‘
Therme: | ]
3. Why is this a good Vital Sign? |
Justifization | Thiz indicator was nominated during the Internet bazed Delphi Survey.
Juztification for thig Yital Sign az well as concemns with thiz Vital Sign are posted
it the Comment Figld Record: 14| 1 [eifr] of 1 Al
7. Legislation associated with the Vital Sign
|z thiz Yital Sign azsociated with legizlation? [~
If 50, which legislation? | |
8. Source of this Vital Sign
4. Any other relevant information -
Source:  |Delphi | Clase Farm
Commentz Az zhow accurmulates both wet and diy deposzition owver a long penod of time, a
meazurement such az chemical loading of species in snowpack could be
infarmative especially if ather sustern meazurements suggested that such laading
could be zignificant and patentially harmful. generally, measurement of acid Add New Record | Undo Record
©OLGRYN
< :
i

d: 14 1 k| k1| e%] of 195

e attribute identifier or code



Vital Signs Selection Criteria

@ Ecological Relevance

@ Response Variability

@ Management Relevance

@ Feasibility of Implementation
@ Interpretation and Utility

Greater Yellowstone Network I&M Program
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Vital Sign Scoring Methods

. _ @ If two criteria, then
@ ecological relevance =

259, g ;vggryées answers = 1.0

@ response variability = = one yes answer = 0.5
25% score

@ management = two no answers = 0.0
relevance = 20% score

@ Feasibility of @ If three criteria, then
implementation = 15% . {hree yes answers = 1.0

@ Interpretation ana = two yes answers = 0.6
utility = 15% = one yes answer = 0.3

e

\ = Three 3 answers = 0.0
T Greater Yellowstone Network I&M Program




ource / Ecological
organijafion
Water Quality 1.00 Cround water hydrology
Wiater Qualitsy 1.00 Feszervoir elevation
W ater Qaalitsy 1.00 atrearniflow

Water Quality 095 Alzal speries composition and biomass
W ater Quality 0935 Continaous water temperature (Lakes and Resevoirs)

Score Candidate Vital Sign GRTE YELL BICA

W ater Quality 095 Contitnaous water temperature (Fivers and Streams, Lakes and Fegevoirs)
Water Quality 095 Cround water chemistry
W ater Qualitsy 095 Mlajor ion chemistry (Fivers and Streams; Lakes and Resevoirs)
Water Quality 095 River invertebrate assemblages
Tetrestrial Vertebrates 1.00 Amphibiat occuttetice

Terrestrial Vertebrates 1.00 Beaver presence and population estimates

Terrestrial Vertebrates 1.00 Pattern of non-park land-use changes

Terrestrial Vertebrates 0.9z Invasive vertebrate species richness and distribution
Terrestrial Vertebrates 092 Wertebrate diseases

I I T - T I I T - I I - -

Terrestrial Vegetation 1.00 CGrazsland vegetation community composition and stracture

Terrestrial Vegetation 095 Alpine plant conunanity characteristics
Tetrestrial Vegetation 095 Lichen distribution, abundance and chemical composition

Tettestrial Vegetation 095 Shrubland comanunity composition and stoacture

Terrestrial Vegetation 092 & gpen comunanity composition and stnacture

Terrestrial Vegetation 0.9z Browse effects on tipatian woody vegetation

Terrestrial Vegetation 0.9z Fire and fuel loading

I T T I O - I I I I I O O - I O - - I T -

Tetrestrial Vegetation 092 Lodgepole pitne plant conenunity composition and exctic species

P T - - T - I O T - - I = I I I = i B

Terrestrial Vegetation 0.9z Mlixed condfer plant comimnity composition and exotic species

NATIONAL
PARK
SERVICE
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Geothermal
Processes

(based on driver-response
signals, not sampling

intervals)
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Century

C— Chemical and Gas
Emissions

. ‘ : i ——Thermal Water Flow
A : A A A Earthquake Activity
............................ Level and
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Lessons learned: Prioritizing
vital signs

@ Experts offered important knowledge and had
good discussion on the proposed candidate
vital signs

@ The use of yes/no questions was key to
progress during the workshop.

@ A pre-workshop- trail run using the selection
criteria can help eliminate questions about
semantics and highlight questions that need
to be answered before the actual ranking

.. process.
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Ecosystem Organization Drivers/Stressors Response Variables

Vertebrate diseases Native insect diversity and distribution in
Exotic plant species abundance and distribution riparian and mesic meadows
Forest insects and disease Selected sensitive bird species

o abundance, distribution and productivity
Beaver presence and distribution .

Amphibian occurrence
Fire, fuels and carbon storage
Fire, fuels and carbon storage Land bird distribution and abundance

Whitebark pine decline (includes limber pine)

Terrestrial Browse effects on riparian woody vegetation
Biotic

Communities of concern (aspen, alpine, shrub-steppe, riparian)

Large carnivore population distribution and abundance Meso carnivore population presence and distribution

I Ungulate population distribution and abundance
Land-cover classification
—ITERRESTRIAL——|

Land-use change and habitat fragmentation
) . e Streamflow
Exotic plant species abundance and distribution i
n Continuous water temperature
Levels of backcountry overnight use
Visitor use levels
Levels of backcountry day use
Soundscapes

Native aquatic community structure,
composition, stability and genetic integrity
Continuous water temperature Exotic aquatic 'communlty .s.truclure a.nd composition

Water chemistry Algal species composition and biomass
River invertebrate assemblages

Aquatic Biotic

——AQUATIC —— Spring and seep hydrology
Streamflow
Aquatic (water) Spring and seep hydrology River invertebrate assemblages
Reservoir elevation
Continuous water temperature
E. coli

<
s
©
o}
I
£
7}
2
1%
>
[0}
Q
o
w

Soil structure and stability (includes cryptogamic crusts)
Continuous water temperature
Groundwater quantity and quality

Stream sediment transport
GEOLOGIC Geothermal water chemistry

Geologic Earthquake activity

Geothermal feature abundance

Heat flow-chloride flux and distribution
Geothermal

Continuous water temperature

Groundwater quantity and quality

Climatic Basic Climatological Measurements 4< Glacial retreat or advance

Oversnow vehicle emissions

——ATMOSPHERIC

Algal species composition
A and biomass
Atmospheric Water chemistry

Water chemistry

Atmospheric deposition of N, S and all major anions o »
and cations (including wet and dry deposition) Change in visibility deciviews




Climate Dynamics

— 4

Glacial ic cli
Basic climate
advance & measurements.
retreat

EARTH SYSTEM

Geology

Earthquake
activity

Stream

Soil structure
and stability

sediment
transport

water

Geothermal

chemistry

Geothermal
feature
abundance

Heat flow-
chloride
flux

ECOLOGICAL SYSTEM

Humans

Atomosphere

Oversnow
vehicle
emissions

Major ion
chemistry

Atmospheric
deposition of
N, S, etc.

Change in
visibility
deciviews

Aquatic
Domain

Reservoir
elevation

Water Quality

Native

aquatic River
community invertebrate
structure assemblage
Exotic
aquatic
structure

Continuous
ter

water
temperature

Terrestrial
Habitats

Visitor use

(including /" Landuse N

Spring
and seep
hydrology

Groundwater
quantity and
quality

Algal
biomass
composition

amivore
populations

change and

\\'rﬂgmomaliun )/

overnight and
day)

Exotic
plants

Streamflow

Fire, fuels
an

carbon

storage

arge
canivore
populations

—

Sensitive
birg

species

Terrestrial
Domain

Vertebrate
diseases

Land-cover
classification

Forest insects
and disease

Beaver

Ungulate

Land bird
species

population
distribution

Terrestrial
communities
of concern

Whitebark
pine
decline

Riparian
rowse

Amphibians

Native
insect

Secondary
driver Primary driver

Ecosystem

Stressor vital
signs subdivisions

e Highest Priority
Response
vital signs e Secondary Priority

Likely outside funding
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